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(57)Abstract: 

PURPOSE: To sustain high speed operation while suppressing stand-by current even 
when a low voltage internal power supply is employed by setting a threshold for a 
MOS transistor and setting the power supply variably at the time of stand-by. 
CONSTITUTION: Nodes Nl and N3 have L levels whereas nodes N2 and N4 have 
H levels. When the threshold voltages VI 1, V 14 of TrQl, Q4 having source- drain 
applied with Vcc (cut off) are kept at high levels for the inverters in two preceding 
stages, stand-by current can be restricted to lμA, for example. The stand-by 
current increases even if the source-drain voltage exceeds the threshold voltages VI 2, 
V13 of TrQ2, Q3. Consequently, the threshold voltages V12, V13, can be lowered 
without increasing leak current at the time of stand-by. Leak current of an active 
transistor increases when the V12, V13 are lowered but the leak can be neglected to 
some extent because of high active current of memory. 
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JPO and NCIPI are, not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor device of a configuration of having been suitable for 
especially low-battery-ization with respect to the semiconductor device with which the active actuation with the large consumed 
electric current and the stand motorcycle actuation with the very small consumed electric current exist. 
[0002] 

[Description of the Prior Art] In recent years, the fall of an internal electrical power source Vcc is advanced with 
low-power-ization for high integration of DRAM or other LSI, and a dc-battery drive. For example, in DRAM, as shown in 
drawing 15 (a), the internal electrical power source Vcc of operation tends to fall for every generation. Specifically by 1 G and 4G 
bit DRAM, Vcc falls even to 1. 5- 1.0V. Moreover, also in LSI for a cell drive (dc-battery drive), 1.5V - 0.8V actuation is 
demanded as Vcc. 

[0003] However, it sets to LSI and is the threshold electrical potential difference Vt of an MOS transistor. It is Vt, as it exists and 
is shown in drawing 15 (b). When Vcc approaches near, there is a problem to which a speed (gate propagation delay time) of 
operation falls rapidly. In order to prevent this, it is the threshold electrical potential difference Vt. If it is made small, a stand 
motorcycle current will cause the problem which increases rapidly. 

[0004] Some [ a certain ] circuits in memory are shown in drawing 16 as a conventional example. This is the example of three 
steps of inverters. At the time of a stand motorcycle, it is a node Nl . N3 It is set to "L" level and is a node N2. N4 It is set to "H" 
level. When two steps of inverters are seen a front at this time, it is a transistor Ql . Q4 It lets it pass and leakage current Ileak 
flows. This condition exists in the whole memory similarly, and if the threshold of a transistor is lowered, leakage current will 
increase sharply. 

[0005] Drawing 15 (c) is the threshold electrical potential difference Vt of a transistor. Relation with the stand motorcycle current 
of a 1 6 M bit DRAM level chip is shown. This drawing shows that the threshold electrical potential difference of at least 0.6 V is 
needed, in order to suppress a SUNDOBAI current to 1 microA. 

[0006] Change of the current at the time of the stand motorcycle of SRAM (a) and DRAM (b) and the time of active is shown in 
drawing 17 . It is a current at the time of Ice 1 and a stand motorcycle about the current at the time of active Icc2 It carries out 
Usually, although it changes into a stand motorcycle condition and a current is reduced, when not accessing data, since the period 
of a stand motorcycle condition is farther [ than that of an active state ] longer, memory is the current Icc2 at this time. It is 
necessary to make it fully fall. This stand motorcycle condition serves as a conclusive factor of the current when not operating by 
the battery back-up. 
[0007] 

[Problem(s) to be Solved by the Invention] Thus, when the internal electrical power source Vcc of LSI is low-battery-ized in the 
conventional semiconductor device, Vcc is the threshold Vt of a transistor. There is a problem to which it approaches and a 
working speed becomes slow, and it is a threshold Vt. When lowered, there was a problem that a stand motorcycle current 
increased. 

[0008] It is in offering the semiconductor device which this invention was made in consideration of the above-mentioned 
situation, the place made into the purpose can maintain high-speed operation also when an internal electrical power source is 
low-battery-ized, and can suppress a stand motorcycle current low. 
[0009] 

[Means for Solving the Problem] The main point of this invention is to perform a setup of the threshold of an MOS transistor, and 
an adjustable setup of the power sources Vcc and Vss at the time of a stand motorcycle, in order to solve the opposite problem of 
the consumed-electric-current reduction at the time of a stand motorcycle, and high-speed operation. 

[0010] Namely, the time of active when the consumed electric current of this invention (claim 1) is large, and the time of a stand 
motorcycle with the very small consumed electric current exist. In the semiconductor device which has the MOS transistor of the 
p channel and n channel which use as the source or a drain the connection node which is fixed to fixed "H" level or "L" level at the 
time of a stand motorcycle It is characterized by setting up more highly than the threshold of the transistor turned on at the time of 
a stand motorcycle the threshold of the transistor cut off at the time of a stand motorcycle about the MOS transistor of the same 
channel. Here, the following are raised as a desirable embodiment of this invention. 

[001 1] (1) Set up the channel width of a transistor with a lower threshold about the MOS transistor of the same channel smaller 
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. than the channel width of a transistor with a higher threshold. 

[00 1 2] (2) When the series connection of the MOS transistors, such as NOR and NAND, is carried out and this series circuit cuts 
off at the time of a stand motorcycle, make high the threshold electrical potential difference of at least one piece of the transistor of 
a series connection. 

[0013] Moreover, the time of active when the consumed electric current of this invention (claim 3) is large, and the time of a 
stand motorcycle with the very small consumed electric current exist. In the semiconductor device which has the MOS transistor 
of the p channel and n channel which use as the source or a drain the connection node which is fixed to fixed "H" level or "L" level 
at the time of a stand motorcycle The Vcc power-source side which the pMOS transistor cut off at the time of a stand motorcycle 
has connected The Vss power-source side which the nMOS transistor which lowers rather than the potential of Vcc at the time of 
a stand motorcycle, and is cut off at the time of a stand motorcycle has connected It is characterized by not changing potential by 
the side of each power source linked to pMOS which raises rather than the potential of Vss at the time of a stand motorcycle, and 
is turned on at the time of a stand motorcycle, and nMOS. Here, the following are raised as a desirable embodiment of this 
invention. 

[0014] (1) When the series connection of MOS tolan JITASU, such as NOR and NAND, is carried out and Vcc and Vss are in 
the edge, in the series circuit cut off at the time of a stand motorcycle, lower the Vcc and raise Vss. 

[001 5] (2) When two or more core circuits where two or more eels which consist of an MOS transistor of a p channel and an n 
channel have been arranged are prepared, the core circuit which is not chosen even if the time of active comes should hold the 
Vss power-source side which the nMOS transistor cut off at the time of a stand motorcycle the Vcc power-source side which the 
pMOS transistor cut off at the time of a stand motorcycle has connected has connected to the same potential as the time of a stand 
motorcycle. 
[0016] 

[Function] According to this invention (claims 1 and 2), the following operations are done so by setting up the threshold of the 
transistor cut off at the time of a stand motorcycle, and the transistor to turn on as mentioned above. For example, it becomes 
possible to time improvement in the speed, without increasing the leakage current at the time of a stand motorcycle by making the 
threshold of the transistor to turn on low, without changing the threshold of the transistor to cut off. On the contrary, it becomes 
possible to control the leakage current at the time of a stand motorcycle, without checking high-speed operation by making the 
threshold of the transistor to cut off high, without changing the threshold of the transistor to turn on. 

[0017] The threshold of the transistor cut off although the leakage current at the time of a stand motorcycle will pose a problem if 
the threshold of both transistors is lowered when it low-battery-izes is made high to extent which can reduce a stand motorcycle 
current, and it becomes possible to realize high-speed operation by making the threshold of the transistor to turn on low to extent 
to which the current at the time of active does not increase sharply, controlling a stand motorcycle current. 
[0018] Moreover, when a threshold electrical potential difference narrows channel width of a low transistor and makes large 
channel width of a transistor with a high threshold electrical potential difference, from motorcycle a stand, since active, active gate 
delay can be made the about the same as the gate delay to motorcycle a stand, and it becomes possible to make quick speed of 
operation in the whole LSI 

[00 1 9] Since a gate input has "L" level by raising the potential of Vss connected to the nMOS transistor which an input cuts off on 
"L" level in stand motorcycle actuation according to this invention (claim 3), the electrical potential difference between the gate 
sources serves as minus potential. Therefore, even if it makes low the threshold electrical potential difference of this nMOS 
transistor, it can be sharply improved by the cut-off characteristic and it can suppress leakage current. 

[0020] Since a gate input is still "H" level by lowering the potential of Vcc linked to the pMOS transistor to which an input cuts 
off pMOS on "H" level in stand motorcycle actuation similarly, the electrical potential difference between the gate sources 
progresses in the direction to cut off. Therefore, even if it makes low the threshold electrical potential difference of this pMOS 
transistor, a cut-off characteristic becomes good sharply and can suppress leakage current. 

[0021] Thus, it becomes possible to be able to lower the threshold of the MOS transistor cut off at the time of a stand motorcycle, 
to be able to realize high-speed operation, even if this lowers the potential of Vcc conventionally, and to suppress the leakage 
current at the time of a stand motorcycle. 
[0022] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 

[0023] First, the example of invention of claim 1 is explained. Drawing 1 shows some logic gates of the circuit of general memory 
concerning the 1 st example of this invention. This is the example of three steps of inverters. 

[0024] As shown in said drawing 16 , a stand motorcycle condition exists that memory is active, and almost all the circuits in a 
memory chip have a certain fixed value at the time of a stand motorcycle. That is, each node serves as Vss of Vcc of H" level, or 
MH L B level. 

[0025] At the example of drawing 1 , they are a node N 1 and N3 . "L" level, a node N2, and N4 It has f, H" level The transistor Q 1 
by which Vcc is added between source drains if two steps of inverters are seen a front at this time (it has cut off), and Q4 If the 
threshold electrical potential differences Vtl and Vt4 are made still high (the conventional threshold electrical potential 
difference), a stand motorcycle current can be suppressed for example, to ImicroA. And the transistor Q2 whose electrical 
potential difference between source drains is 0 V (it turns on) and Q3 Even if it makes low the threshold electrical potential 
differences Vt2 and Vt3, a stand motorcycle current does not increase. 

[0026] From the above-mentioned reason, the threshold electrical potential differences Vt2 and Vt3 can be reduced, without 
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.increasing the leakage current at the time of a stand motorcycle. Although increase of the leakage current of the transistor at the 
time of active will take place if Vt2 and Vt3 are lowered, as it is shown in said drawing 17 , the active current of memory is large, 
and since there are generally also several 10mA - 100mA of numbers, even if there is leakage current of many smallness, it can 
ignore. For example, if 1mA leakage current is allowed, the threshold current of Vt2 and Vt3 can fall even to 0.3 V from drawing 
j_5 (c). Considering the point which needs the threshold electrical potential difference of 0.6V, this will be set to Vtl-Vt2=0.3V 
and |Vt4|-|Vt3|=0.3V, if leak of Vtl and Vt4 sets to lmicroA the more nearly same than drawing 1 5 (c). That is, it becomes 
Vtl>Vt2and|Vt4|>|Vt3|. 

[0027] The gate delay at this time is shown in drawing 2 . drawing 2 — setting — (a) — the conventional total — the case where Vt 
is high is shown and (b) and (c) show the case of this example. It sets to drawing 2 (b) and is delay dl and d3. Although it is as 
usual, it is delay d2 and d4. Since Vt2 and Vt3 are made low, gate delay is small and has been accelerated from the active state at 
the time of change of a stand motorcycle condition. 

[0028] Here, a threshold is the high-speed transistor Q2 and Q3 low. It sets and they are a part with the quick rate, channel width 
W2, and W3. It is made small and a rate is reduced. And a threshold is this W that decreased highly The low-speed transistor Ql 
and Q4 It distributes and is Wl and W4. It enlarges and is Ql and Q4. It is accelerable. 

[0029] namely, Wl >W2 and W4 >W3 Then, delay dl , d2, d3, and d4 shown in drawing 2 (c) ** -- delay dl , d2, d3, and d4 of 
drawing 2 (a) At the time of a Vcc niinimum, delay can be made small and it can accelerate. 

[0030] Drawing 3 shows the gate propagation delay time in the Vcc minimum of mis example. It is (1) in the former, for 
example, the delay at the time of Vt =0.6 V. It is shown. On the other hand, it is delay when setting all to Vt =0.3 (3) Although 
shown, a stand motorcycle current increases in this case, this example — Vt = — two kinds, 0.3 and 0.6, are applied to both pMOS 
and nMOS. And conventional Ql, Q2, Q3, and Q4 W by the case where it is referred to as Wl =W, W2 =W, W3 =2W, and W4 
=2W The transistor Ql of Vt =0.6V at the time of the Vcc n^nimum of this example, and Q4 It is Q2 of Vt =0.3(V), and Q3 from 
speed. When the speed of a transistor is a K time high speed, it is Wl = 2kW/(K+l). 
W2=2W/(K+1) 
W3 =4W/K+1W4=4KW/(K+1) 

[003 1] ** ~ carrying out -- as W1/W2 =K time and W4/W3 =K time - Ql and Q4 channel width ~ Q2 and Q3 channel width ~ 
K — doubling — motorcycle an active -> stand and stand motorcycle -> -- active speed is made the same. In this case, motorcycle 
an active -> stand, motorcycle a stand -> active delay is as follows about, namely, stand motorcycle -> — active delay ~ this 
example (K+l) / the 2kW+{(K+l) /4kW} x2 conventional example - (1/W)+(1/2W) x2 ~ becoming - the direction of this 
example - the conventional example - 2K / (K+l) twice - it becomes quick. Moreover, delay of motorcycle an active -> stand is 
set to (1 /W)+(1/2W) x2 by this example in the {(K+l) /2W} x (1/K)+{(K+1) /4W} x (1/K) x2 conventional example, stand 
motorcycle -> — the case of being active — the same — the direction of this example — the conventional example — 2K/(K+1) 
twice - it becomes quick, namely, — if the conventional delay is set to 1 — all — by 1/K, since delay of this example is set to 
(K+l) / 2K, delay of transistor Vt =0.3 serves as speed of the middle [ delay / of this example ] in { 1+(1/K)}/2=(K+1)/2K. 
Drawing 3 ( 1 ) To (3) middle It is shown that (2) comes. 

[0032] Thus, the transistor Ql which is cut off at the time of a stand motorcycle according to this example and Q4 Since 
thresholds Vtl and Vt4 remain as they are, the leakage current at the time of a stand motorcycle can be reduced. Moreover, since 
a big active current flows at the time of active, since the transistor (it turns on at the time of a stand motorcycle) Q2 turned off at 
the time of active and the thresholds Vt2 and Vt3 of Q3 should be just low compared with an active current, thresholds Vt2 and 
Vt3 can do them low. Therefore, since active, the gate propagation delay time when changing to motorcycle a stand becomes 
short sharply, and can be accelerated also by low Vcc. That is, improvement in the speed can be timed, without increasing the 
leakage current at the time of a stand motorcycle. 

[0033] Moreover, the transistor Q2 with a low threshold electrical potential difference and Q3 Channel width is narrowed and it 
is the transistor Ql with a high threshold electrical potential difference, and Q4. By making channel width large, from motorcycle 
a stand, since active, active gate delay can be made the about the same as the gate delay to motorcycle a stand, and thereby, speed 
of operation in the whole LSI can be made quick. 

[0034] (a) - (c) of drawing 4 and drawing 5 shows the 2nd example of this invention, respectively. This is the example which 
applied this invention to not only an inverter but NAND, or the NOR gate. 

[0035] Threshold Vt of the nMOS transistor cut off at the time of a stand motorcycle when an output serves as "H" in NAND at 
the time of a stand motorcycle, as shown in drawing 4 (a) and (b) Threshold Vt of the pMOS transistor cut off at the time of a 
stand motorcycle when an output is set to "L" at the time of a stand motorcycle, as it is made high and shown in drawing 4 (c) It is 
made high. Here, when an output is "H M at the time of a stand motorcycle, for a serial nMOS transistor, at least one is a threshold 
Vt. What is necessary is just high. 

[0036] Threshold Vt of the nMOS transistor cut off at the time of a stand motorcycle when an output serves as M H" in NOR at the 
time of a stand motorcycle, as shown in drawing 5 (a) Threshold Vt of the pMOS transistor cut off at the time of a stand 
motorcycle when an output is set to "L" at the time of a stand motorcycle, as it is made high and shown in drawing 5 (b) and (c) It 
is made high. Here, when an output is "L M at the time of a stand motorcycle, for a serial pMOS transistor, at least one is a 
threshold Vt What is necessary is just high. 

[0037] Thus, this invention can be applied not only to an inverter but to various kinds of LSI, and the same effectiveness as the 
1 st example is acquired. Moreover, it is a threshold Vt like the 1 st example. A low thing makes Channel W small and is Vt The 
high thing is more effective if W is enlarged. 
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. [0038] Drawing 6 shows the 3rd example which applied this invention to DRAM. At this example, since between source drains 
is 0 V at the time of a stand motorcycle in precharge of Vcc (1/2), it is the threshold Vt of all transistors. It can do low. 
[0039] Drawing 7 shows the 4th example of this invention. This is the example which applied this invention to the column 
decoder of DRAM. Based on the potential of the node of motorcycle a stand, it is altogether accelerable by changing the height of 
Vt, and the magnitude of W. 

[0040] A node can apply invention of claim 1 to the circuit of immobilization as mentioned above at the time of all stand 
motorcycles. And in the place where a margin of operation is severe, it is Vt to both nMOS and pMOS in part. Since the whole 
leakage current is not influenced even if it uses a low thing, Vcc of this invention is effective in low actuation in the whole chip. 
[0041] Next, the example of invention of claim 3 is explained. Drawing 8 shows some ethics gates of the circuit of general 
memory concerning the 5th example of this invention. This is the example of four steps of inverters. 

[0042] As shown in said drawing 16 , a stand motorcycle condition exists that memory is active, at the time of a stand motorcycle, 
almost all the circuits in a memory chip have a certain fixed value, namely, each node serves as Vss of Vcc of H" level, or nH L" 
level. 

[0043] At the example of drawing 8 , they are a node Nl , N3, and N5. "L" level, a node N2, and N4 It has "H" level. At this time, 
the high potential difference has occurred by the conventional method between source drains in nMOS of transistors Qnl and 
Qn3, and pMOS of Qp2 and Qp4. 

[0044] At this example, it is Vss of this power source of Qnl and Qn3 Vssl of chip internal control It carries out and is Vcc of 
the power source of Qp2 and Qp4 Vccl of chip internal control It carries out and is Vccl at the time of a stand motorcycle. It is 
made lower than Vcc and is Vssl . It is characterized by making it higher than Vss. Thereby at the time of a stand motorcycle, the 
potential between the gate sources of Qnl is Vss- Vssl -Vt <- Vt because of Vss- Vssl (Vssl > Vss). It becomes and is the 
threshold Vt of the usual transistor. A cut-off characteristic is sharply improved from the transistor between [ whose ] the gate 
sources is 0 V. 

[0045] For example, Vt =0.3V become the same as the property of the conventional transistor of Vt =0.6V by Vss-Vssl-Vt 
=-0.3-0.3=-0.6. Since the threshold electrical potential difference of the whole circuit can be lowered, as it is shown in drawing 9 
by this, gate propagation delay time is shortened sharply, and it is the conventional Vt. Actuation of LSI is attained by low Vcc 
and, moreover, a stand motorcycle current can be suppressed as usual. Of course, at the time of active, they are Vssl and Vccl . A 
node is returned to the potential of Vss and Vcc and serves as the same approach of operation as the usual LSI. 
[0046] Drawing 10 (a) is Vssl in the 5th example, and Vccl. A generating circuit and drawing 10 (b) show the signal waveform 
diagram in this circuit. At the time of active, it becomes Vccl <Vcc, Vssl> Vss' at the time of a Vccl =Vcc and Vssl =Vss stand 
motorcycle by synchronizing the clock of phi 1 and phi 2 with RAS, and operating, as shown in drawing 10 (b). phi 1 and phi 2 
They are Vccl and Vssl automatically by cutting Qp5 and Qn5 at the time of a stand motorcycle. Potential becomes below Vcc 
more than Vss. 

[0047] Moreover, drawing 1 1 shows the typical example of a configuration applied to memory. The MOS transistor cut off at the 
time of the stand motorcycle of a circumference circuit is a highway L 1 . And L2 It connects. One terminal of the pMOS transistor 
which is cut off at the time of the stand motorcycle of each core circuit minds transistors Q 1 1 , Q2 1 -Q3 1 , and is a highway L 1 . It 
connects. One terminal of the nMOS transistor which is cut off at the time of the stand motorcycle of each core circuit minds 
transistors Q12, Q22-Q32, and is a highway L2. It connects. And highway LI It connects with a power source Vcc through a 
transistor Q01 , and is a highway L2. It connects with the power source Vss through the transistor Q02. 
[0048] And at the time of a stand motorcycle, transistors Q01 and Q02 are off, and it is a highway LI . Vccl Potential and 
highway L2 Vssl At the time of active, it becomes potential, transistors Q01 and Q02 are ON, and it is a highway LI . The 
potential of Vcc, and highway L2 It becomes the potential of Vss. Furthermore, for the core circuit 1 , transistors Q 1 1 and Q 1 2 
serve as potential of Vcc and Vss by ON at the time of active, for example, transistors Ql 1 and Q12 are Vccl by OFF. Vssl It 
becomes potential. In addition, although not shown in this drawing, power sources Vcc and Vss are connected to the required 
parts of a circumference circuit and each core circuit 

[0049] At such structure, it is a highway LI and L2. Since many core circuits are connected, a big drive current is needed at the 

time of stand motorcycle -> active, or the time of an active -> stand motorcycle. Then, each core circuit, a highway LI , and L2 He 

installs transistors Q 1 1 -Q32 in between, and is trying only for the core circuit to choose to turn a transistor on and off 

[0050] Since with such a configuration the potential of Vcc and Vss is changed in not all core circuits in the case of motorcycle a 

stand and the switch by being active but the potential of Vcc and Vss is changed in some core circuits, the consumed electric 

current at the time of stand motorcycle -> active or the time of an active -> stand motorcycle can be reduced sharply. 

[005 1] Drawing 12 and drawing 13 show the 6th example of this invention. Drawing 12 (a) - (c) is Vssl in the fixed node at the 

time of each stand motorcycle of a NAND gate, and Vccl . Directions are shown. Drawing 13 (a) - (c) shows the example of the 

NOR gate. In addition, although it is the same in other logic gates, when an output is "FT at the time of a stand motorcycle, it is 

Vssl instead of Vss. When it uses and an output is "L M at the time of a stand motorcycle, it is Vccl instead of Vcc. What is 

necessary is just to use. 

[0052] Drawing 14 shows the 7th example of this invention, and this is the example of the column decoder of DRAM. It is shown 
using the notation of drawing 12 and drawing 13 . This is realizable similarly according to the Ruhr explained by drawing 12 and 
drawing 13 . In addition, this invention is not limited to each example mentioned above, it is the range which does not deviate 
from the summary, and can deform variously and can be carried out 
[0053] 
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, [Effect of the Invention] It becomes possible to realize the semiconductor device which could solve the opposite problem of the 
consumed-electric-current reduction at the time of a stand motorcycle, and high-speed operation by performing a setup of the 
threshold of an MOS transistor, and an adjustable setup of the power sources Vcc and Vss at the time of a stand motorcycle 
according to this invention, maintained high-speed operation also when an internal electrical power source was low-battery- ized 
as explained in full detail above, and suppressed the stand motorcycle current low. 



[Translation done.] 
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